Abstract: Aiming at the personnel optimization problem exist in equipment maintenance support unit, the personnel optimization problem of support unit is studied in this paper. Firstly, the relation between the maintenance time and personnel quantity is analyzed, the multi-objective model of maintenance time and maintenance person is build. Secondly the models and the corresponding project are studied based on the theory of modified ant colony algorithm. Finally, the validity and practicality of the optimization model and solving method are verified through example, and the feasibility of conclusion is externally analyzed. The research provides the basis for personnel optimization of maintenance support unit, and it features high engineering application value for the equipment maintenance work of all levels repair organizations.
Introduction
The equipment maintenance support human unit is an effective unit to carry out the maintenance task and is the basic unit of the maintenance resources. The equipment maintenance activities are usually thought the basic unit of maintenance teams or groups. These maintenance teams or groups are the most basic unit of composed maintenance manpower and completed maintenance tasks [1] . In the determination of the human unit number at present, mainly according to the actual work of a large number of historical datas, and using the application of empirical reasoning method to determine. The number of maintenance personnel in the presence of fuzzy matching, reasonable and scientific difference. Moreover, because of the replacement of the equipment, the improvement of the maintenance tools and equipment, and the improvement of the technical ability of the personnel, which leads to the further increase of the number of maintenance personnel and the lack of the support of quantitative method. So how to quantitatively determine support units number, optimize maintenance power structure, build a reasonable unit maintenance power, can assure to minimal staff in the shortest possible time to complete maintenance tasks is a practical problem to be solved at present. There is an urgent need for a set of scientific and reasonable basic maintenance unit allocation method for maintenance of the power unit of allocation to provide technical support. In this context, the security forces unit repair allocation problem and solution research.
Under ideal conditions, equipment and facilities is perfect, spare parts supply sufficient, the maintenance period of process node is fixed, the procedure node repair time will shorten with the increase in number of repair part in, without considering the difference in the personnel to repair ability. When the number of repairs is fixed, the actual working hours of each process are also fixed. But it is not possible to increase the time limit for the duration of the staff. When the number of people increases to a fixed value, the increase of the number of people becomes small, and the variation of the time is in a certain range [2] . As shown in Figure. 1. Since the value of the number of maintenance personnel is an integer, the relationship between time and personnel is represented as a number of discrete points in the graph. In Figure 1 , the minimum number of repair work required to complete a repair process is a , the corresponding repair time is
With the increase of the number, the repair time is gradually reduced, but the process of repair time is not possible with the increase in the number of personnel to a fixed value, the impact of time becomes very small, the process of the limit time is From the discrete function relationship between the repair time and people number, it can be considered that each repair procedure has multiple execution plans. Each one is composed of a fixed repair time and a fixed number of maintenance personnel. In order to minimize the total duration and total number of people at the same time, it is the problem of multi-objective optimization.
Model construction
In order to establish a multi-objective optimization model, the following assumptions are made.
(1) each repair process has a certain sequence of order, only after the completion of all the close before the process can begin, and repair work once you start, you will not be interrupted until the end. D , and both in the maximum and the minimum range.
(3) The total duration of the whole repair work was calculated under the certain working hours of each operation. It also equals to the length of the key line in the process of maintenance.
The mathematical model can be expressed as:
（2）
Advances in Engineering Research, volume 166 (2) is the maintenance period constraint, which ensure that the repair time of the procedure is allowed. Formula (3) is the procedure constraint, which ensure that the maintenance sequence of the nodes is in accordance with the logical relationship. The remaining constraints ensure that the implementation of each process is feasible. The function F of total maintenance number and number of each repair node in objective function can be calculated by standard network planning method. Through time personnel demand superposition method, determine the personnel demand in each period, the objective function value T H is the personnel quantity when the most personnel required [3，4].
Improvement of multi-objective model
Each procedure of the repair project is a work of a node, and all procedures are arranged in a sequence of order to form a complete maintenance task, as shown in Figure. Each node in the graph represents the different maintenance plan of the corresponding procedure. Set 0 is a virtual procedure to represent the beginning of the project, the j node of in the i column indicates that the procedure i using the j maintenance programs. The edge of the graph represents the maintenance plan of two adjacent procedures, 1 2 ( , , ) i j j indicates that the procedure i using the j maintenance programs, and the procedure 1 i + using the 1 j + maintenance programs. Each of the paths from the 0 column to n column indicates a full implementation plan for the repair project. The maintenance personnel optimization problem is actually found the optimal path from the 0 column to n column in the graph, the time and maintenance personnel number is the shortest.
Transformation of the objective function
The transformation of the objective function is transformed into a single objective by using the adaptive weight method, calculate the best comprehensive value of time and personnel project. The basic idea of the Adaptive Weight Method is to set the weight value of each objective function, and then turn to a single objective function, so as to tend to ideal point when search optimal solution. In this paper, the modified adaptive weight method, which is proposed by Daisy et al., is used to calculate the weight of the time and the people's objectives. Calculated as follows [5] is indicated that the maximum and minimum values of maintenance personnel in all the solutions generated by the Ant Colony Algorithm in one cycle. g ω is the adaptive weight value of maintenance time, r ω is the adaptive weight value of maintenance personnel. In the reference Genetic Algorithm, the method of the objective function is normalized, and the integrated target value of the time limit for a project is calculated according to the Formula (6):
Where: Y is the serial number of the solution generated in the Ant Colony Algorithm, g X and r X is the target value of the maintenance time and maintenance personnel for the Y solution. In order to avoid the comprehensive value is invalid or 0, the random number C obey the uniform distribution [0,1] is introduced.
Basic Ant Colony Algorithm for the Optimization Problem Solving

Basic principles of Ant Colony Algorithm
In 1990s, a new stochastic search algorithm is proposed through simulating the behaviour of the natural ants foraging by Italy scholars Doirgc, et al. Each ant will leave a certain amount of pheromone in the process of looking for food, used to mark the path of their own back to the nest, and mark the food direction for other ants. When they encounter a road that has not passed, they randomly choose a path along the path, and release the pheromone about the length of the path. The longer the path of the ant, the smaller the amount of pheromone released. When other ants again encounter this intersection, they will choose the larger amount of pheromone on the road, so that the pheromone of a positive feedback mechanism. The amount of pheromone on the optimal path will become more and
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more large, while the pheromone on other paths will decrease with the increase of time, and finally the whole ant colony will find the optimal path. Summary of the behaviour of the ant colony can be extracted from the three mechanisms. Firstly, the foraging mechanism of the ant colony. Secondly, pheromone update mechanism on the path. Finally, the pheromone gathering mechanism [6] . In this paper, the Ant Colony Algorithm is used to solve the problem of maintenance support personnel optimization, the ant represents the support unit. In order to meet the requirements of important degree and time constraints, the optimal objective value is the most appropriate support unit personnel quantity among the support point. With the maintenance time of each point as the pheromone information, the probability of the formation of the mobile is chosen, short maintenance time with high probability are selected, long time choice probability is small, so the moving path of ants is determined. At the same time, according to the repair time of each node is determined pheromone, long maintenance time with lower pheromone, short maintenance time pheromone more on the contrary. Pheromone updates on the path is to consider the importance of demand point and time to determine the degree of urgency, the more important and urgent, the pheromone volatile more slowly, and more reserved.
Path construction
According to the basic principle of Ant Colony Algorithm, the key link of the algorithm is the feeding path formation and the pheromone updating. The path construction is combined with heuristic information to determine the probability that the ants are moving from the current point to the next point. The maximum probability points as the following points, the whole path is gradually forming. The probability of the movement of the ants is shown in Formula (7) [7] .
is the concentration of pheromone on the path J at time t , the concentration of pheromone on every path is equality at initial time, . The ant comprehensive considering the pheromone account on the path and the value of information in the moving process, then determines the direction of the transfer. The α and β is the parameters of the weight in the probability, which is the control of pheromone and heuristic information value.
Pheromone update
Pheromone will be reduced with the passage of time, if follow another ant through the path, the path pheromone can be increased. The parameter ρ means the pheromone evaporation coefficient [8] . In this study, the support personnel unit choose demand point according to the important degree and the latest start time. The important degree is high point where the path information prime less volatile, the latest start time is short of the security requirements pheromone trails is less volatile. The parameter ρ is changed to the function, which is inversely correlated to the degree j q , and proportional to the (8), all the paths are updated, the next ants are placed in the new round [9] .
The ant pass 
Solving basic process of Ant Colony Algorithm
According to the principle of Ant Colony Algorithm, the process which personnel multi-objective optimization model determined can be divided into four parts: The first step, initialization, according to the actual situation to determine the parameters of the algorithm. The second step, determine the number of ants, grouping and signing each ant. The third step, randomly assigned support demand points for each ant, scheduled route is determined according to ant moving selection probability. The forth step, calculate and determine the optimal target value after all groups paths are determined. The path pheromone updated, to start the next cycle, the final optimal objective value and number of support teams is determined. The specific process steps are shown in Figure. 
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(6) The pheromone intensity of each side is updated by the formula (8) after one cycle. (7) The ants choose the path according to the pheromone intensity on each side, and the probability of each side selection is obtained by the formula (7).
The α and β are the parameters to adjust the pheromone and the path visibility. The is the time limit and personnel comprehensive value according to the adaptive weights when the process 1 i + using the scheme 2 j , the dimension does not considered, the heuristic information impact on the path selection is only express.
(8) if the current iteration number N is less than the number of cycles m N of the set, the pheromone on each path is updated, the procedure turn to the (3) step, else turn to the (9) step.
(9) The new solution added to solutions of library, and update the Pareto solution set E same time, repeat the step (4) to the (8) until the number of iterations so far.
Application
Case calculation
With a certain type of ordnance equipment chassis repair cases, part of the repair work flow as shown in Fig.4 , including in 25 procedures, each procedure has many kinds of solutions. In the process of personnel optimization of the maintenance work of this type of equipment, the optimization of the model is transformed into a combinatorial optimization problem by model pre-processing. In fact, it is the choice of the solution for each process, which is the minimum of the time limit and personnel through the combination of these schemes. The simulation data of executable maintenance plan of process and the corresponding repair time and personnel number of each maintenance plan are shown in Table 1 . Table 1 . According to the basic process and algorithm flow chart of the paper, the results of cycle 10 times are analyzed. In order to facilitate statistics, the task of the project is converted to hours (not reserved) in the calculation results [11] . The results are shown in Table 2 . 
Result analysis
The calculation results show that the optimal scheme with the number of personnel for 6, and the maintenance period is about 15~18 days (8 hours a day). According to the algebra and time of the first search, the calculation results are stable. Since the method is of great convergence, the better optimal solution can be obtained.
In the condition that the maintenance time and the latest start time are satisfied, the total number of maintenance personnel can be compared, if the maximum maintenance time is the same. The program with less personnel can improve the support ability of maintenance support unit, and the maintenance team can be quickly put into a new task.
There are many different kinds of optimal solutions for various objectives，which meet the constraint condition. It is necessary for obtaining the optimal maintenance scheme with the actual situation to expand the scope of the target optimization solution ， When considering the comprehensive optimization of multiple targets.
Under the condition of meeting the time limit, the actual conditions should be fully considered, the actual constraints of the maintenance and repair should be increased, so that the optimal solution can be more accurately find. In this example, if the number of maintenance personnel and maintenance costs is enough, the maintenance personnel should be more sent to, so that the task can be completed quickly. So, the constraints of the number of maintenance personnel should be added, the optimal solution can be found in the number of more person.
Conclusions
In the process of building maintenance support force, the core problem is how to determine the number of basic maintenance units according to maintenance tasks, types of maintenance personnel and number of personnel. Under this current situation, the maintenance support unit is systematically analysed, and a multi-objective optimization model is established based on time constraints and personnel. The specific methods and steps are given as well. It provides technical support for the establishment of the maintenance support unit, and enriches the theory of maintenance support force construction.
The optimal maintenance personnel combination can be obtained through the research. a method was established to determine the basic unit of maintenance support personnel based on the maintenance tasks, personnel requirement and personnel characteristics. The method also provides a basis for the rational use of maintenance resources. On the other hand, according to the change of maintenance task scale, quantitative analysis for all kinds of personnel can be obtained.
re has multiple execution plans. Each one is composed of a fixed repair time and a fixed number of maintenance personnel. In order to minimize the total duration and total number of people at the same time, it is the problem of multi objective optimization.
